2 Thursfield-Milligan: Discussion on Non-Tuberculous Meningitis tion of the earlier stages of the infection. The irritation which accompanies the lesions of polio-myelitis in some instances, or of the early stages of encephalitis, produces disturbances in the fluid and in the clinical symptoms which may give rise to difficulty; but on the whole the mistakes made are few, and rather in the direction of failing to recognize the existence of a meningitis which accompanies the last stages of a severe illness than otherwise.
As to treatment, the establishment of the presence of an infection by a known pathogenic organism, by the examination of the cerebro-spinal fluid, may enable us to administer the appropriate serum by the various channels either by means of the theca, by cistern puncture, by ventricular puncture, or by the intravenous route. In the case of the milder streptococcal infections, there is evidence from many sources that repeated lumbar puncture alone is sometimes sufficient in itself to secure a favourable result, but such cases are certainly exceptional. In the more chronic infections vaccine-therapy with sensitized vaccines has bad some success, and it is possible that a further step may be made by the transfusion of the blood of a person immunized against the infecting organism.
Sir WILLIAM MILLIGAN.
Speaking generally, from 5 to 6 per cent. of cases of meningitis from'all causes seen in a general hospital are of otogenic, and from 1 to 2 per cent. of rhinogenic, origin.
As the result of an acute infective otitis media, the meninges are the structures most likely to suffer, as the result of a chronic process the lateral sinus, the cerebrum, the cerebellum and the meninges. The rupture of a subdural cerebral or cerebellar abscess-tbe consequence of a septic ear lesion-may also be followed by diffuse purulent infection of the subarachnoid spaces or ventricles. Of the intracranial complications of otitic origin, the early recognition of meningitis is the most difficult and yet the most essential for successful treatment.
Sinus thrombosis is indicated by violent oscillations of temperature and frequently by marked local pain, more especially when there is an associated periphlebitic abscess; brain abscess by a temperature, subnormal as a rule, and by violent cephalalgia, whereas commencing meningitis, apart perhaps from a rise of temperature to 101-102°F. and possibly a rigor, may show no definite diagnostic symptoms for a few days until an increase of intracranial tension begins to tell its tale.
In young children more especially, among whom meningitis is so often basal in type, the onset of infection is frequently insidious, the pathway being along the venous channels and nerve sheaths of the middle-ear area. Moreover, the imperfect ossification of the walls of the Fallopian aqueduct offer but slight resistance to infection, hence the more frequent presence of facial paralysis in children than in adults.
A point of cardinal importance to bear in mind is that the meningeal infection starts from the immediate area of the primary focus of disease. Hence the importance, in any suspicious case, of freely exposing the middle-ear cleft, tympanum, aditus and mastoid antrum, whether the case be acute or chronic. The free and early removal of the area of infection will quite frequently be sufficient of itself to ensure an immediate disappearance of a threatening meningitis, and is the first essential in dealing with cases of otitic meningitis, serous or purulent.
Luckily for mankind, the dura mater is a resistant structure capable of warding off the invasion of micro-organisms for a considerable period, and of responding by a process of gradual thickening. In meningitis the result of acute septic otitis media, the infective process is usually conveyed by way of the blood or lymphatic stream, or through sutural lines, e.g., the petro-squamosal. In chronic septic ear infections, osseous lesions, e.g., caries, cario-necrosis or actual necrosis with softening and ultimate ulceration of superimposed soft tissues, are the usual sequence.
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While the infective process may remain outside the dura for a time, pathological changes may be taking place on its inner surface. The arachnoid membrane, also a resistant membrane, may successfully repel the passage of organisms throughout that interval of time during which Nature asserts herself by a marked increase in the amount of fluid within its cavity in the immediate neighbourhood of the focal lesion. This constitutes the commencing stage of a serous or protective meningitis, a type of meningitis-which tends to spread slowly, largely owing to the intricate configuration of the subarachnoid trabeculated spaces.
At the commencement the fluid is clear and under pressure, but later becomes turbid, sometimes very turbid, as the result of an increasing mononuclear pleocytosis. There is also an increase of albumin and globulin and an absence of the normal reduction of sugar. It is, however, sterile.
G. J. Jenkins (Journal of Laryngology, June, 1923) , says: " If an inflammiiiation of the meninges arises secondary to and due to septic disease of the ear, then it must be regarded as a septic meningitis whether or not an organism has been found in the cerebrospinal fluid."
With this dictum I am unable to agree. The fluid thrown out I regard as a protective effort on the part of Nature. If we are to regard all such cases of meningitis as cases of septic meningitis, then many cases of septic meningitis are cured, but my opinion is that so long as the cerebro-spinal fluid is sterile, these cases should not be classified as septic meningitis.
As a rule we rely on the results of lumbar puncture, but I wish to point out that lumbar puncture, although undoubtedly the most convenient procedure, is not necessarily the most reliable. The " tap " is far away from the primary focus of disease, and as. the diffusive process is slow owing to the sluggish movements of the cerebrospinal fluid, the character of the fluid removed is not necessarily the same as that in the immediate neghbourhood of infection where tapping in sitit will at times show a fluid much richer in cellular content. In other words, the fluid is not necessarily homogeneous throughout its entire extent.
The prognosis in serous or protective meningitis is essentially good, always provided that the primary focus of infection and any secondary intracranial lesion, if present, be eliminated and means be taken by the withdrawal, repeated if necessary, of a sufficient amount of fluid to prevent fatal intracranial pressure.
As an aid to diagnosis lumbar puncture is of the utmost value in all cases. As a therapeutic agent in meningitis serosa it is invaluable, but in meningitis purulenta it should never be regarded as an effective means of securing drainage. Information derived from a cell count supports the following conclusion, however-the higher the cell count, the greater the probability of organisms being present.
How long the fluid will remain sterile depends upon the success attending removal of the focus of infection, whether extra-or intracranial. I have records of thirty-nine cases of meningitis serosa in which recovery took place after the elimination of the primary focus and after tapping. The question of real difficulty in otitic meningitis centres, however, around the problem as to when definite purulent infection takes place and as to whether a meningitis is to be looked upon as a strictly septic meningitis when no organisms, or at least viable organisms, are found in smears or cultures from fluid taken either from the lumbar theca or from the immediate neighbourhood of the septic focus. The point may perhaps be regarded as rather an academic one, but to my mind it has a definite practical importance. For I believe that the presence of viable organisms renders the prognosis infinitely worse than when pus cells alone are found; because in the latter instance we have to fear a fatal result mainly from increased intracranial pressure, in the former from pressure and toxaemia combined. In fact, I venture to say that otitic meningeal cases in which recovery has taken place should not be classified as cases of diffuse septic lepto-meningitis, in spite of the cell count, unless bacteria have been found. I am quite aware of the fact that bacteria may be present and yet may not be found, but this is the exception and not the rule. My personal experience of operating upon septic leptomeningitis with bacteria in the fluid is unfortunate. In only four cases was there recovery.
I suggest that clinically there are three types *of meningitis: (1) Meningitis benigna or serosa; (2) meningitis semi-maligna; (3) meningitis maligna. In the first the prognosis is good, in the second grave, and in the third very grave.
All authorities admit that in cases of what is usually described as septic leptomeningitis organisms are frequently not found, and in my search through the literature I find that many of the reported recoveries were in cases in which a turbid or purulent lumbar fluid contained no organisms. I admit that group (3)-meningitis maligna-is the end-result of group (2)-meningitis semi-maligna-but there is a vast difference in the outlook. In tbe former the exudate is purulent, but without organisms; in the latter the intensity of the process is such that organisms have gained an entrance into the subarachnoid space, demonstrating the persistence or the virulence of the infection.
The presence of dead organisms in the cerebro-spinal fluid indicates to my mind that the tissue fluids of the infected individual are able to deal with the virulence of the infection and that efficient drainage will probably effect a cure.
The practical point appears to be that we should recognize a distinction between the two types with, and without, organisms, the prognosis being so vastly different. Only from 2 to 3 per cent. of cases with organisms in the cerebro-spinal fluid ever recover, whatever is done, whereas a considerably greater percentage of cases without organisms, though with pus cells in the fluid, do recover. The percentage of recoveries would materially increase were the profession to realize that what is so commonly described as septic meningitis is, in a proportion of cases, amenable to treatment, always provided that early drainage is instituted and that surgical interference takes place before bacteria gain access to the fluid.
When the clinical picture suggests the probable presence of meningitis-and in passing I may say that the persistence of pain in any suppurative ear condition where drainage has been effected, should never be neglected-no time should be lost in exposing the dura in the neighbourhood of the area of infection, in puncturing it, withdrawing fluid for examination, and finally in opening it. Many lives are undoubtedly lost because inferences are made from the examination of the lumbar fluid,-a bv no means necessarily accurate gauge of what is going on,-the " tap " being too far away from the site of the disease, as I have already indicated. In middle fossa infection sepsis tends to spread slowlv in the meshes of the trabeculated spaces, and the employment of strands of gauze or tubes affords perhaps the best means of maintaining drainage. Except in cases of meningitis serosa lumbar puncture should not be regarded as a therapeuti6 agent. In bacterially infected cases its repeated performance is not without danger, because as a blood infection is apt to take place at an early stage, it is probable that the withdrawal of fluid may cause infected serum from the blood-stream to enter the Pacchionian granulations which lie in intimate contact with the intracranial venous sinuses.
Labyrinthitis, which is responsible for probably 30 per cent. of cases of otitic meningitis, tends to mask the onset of meningitis, but when meningitis is diagnosed as secondary to a labyrinthine infection translabyrinthine drainage, as first suggested by West and Scott, is the operation of election. As the result of labyrinthine sersis the cisterna pontis becomes involved; this involvement is manifested by symptoms of increased intra-cranial pressure, sickness, headache, Kernig's sign and impaired or absent knee-jerks. Immediate drainage of the cisterna is therefore urgently demanded. A labyrinth exenteration should be first performed and the internal auditory meatus opened up after removal of the columella. Drainage of the oisterna pontis is maintained by the insertion of a tube passed through the internal auditory meatus. E. D. D. Davis suggests that suction should also be employed, but of this procedure I have no experience.
In advanced cases of lepto-meningitis (meningitis maligna) where pus and bacteria are found in the cerebro-spinal fluid and bacteria in the blood, the prognosis is extremely grave, and the chances of successful surgical interference remote. As autopsies show that in advanced cases the cisternae are invariably infected, an effort should be made to drain (1) the primary focus of infection, (2) the cisterna pontis, (3) the cisterna basalis, (4) the cisterna magna.
The cisterna basalis is best drained by passing a tube along the upper border of the pars petrosa to the cistern, while the cisterna magna may be drained by Haines' operation or occipito-atlantal puncture. In the three cases in which I have performed Haines' operation death took place. Possibly if the operation had been done at an earlier stage of the disease the result might have been different, although I doubt it, because by the time bacterial fluid finds its way into the cisterna magna, the prognosis has become very grave.
Infection of the posterior fossa, which is distinctly more common than that of the middle fossa, arises from such lesions as suppuration of the posterior end of the middle-ear cleft, cerebellar abscess, sinus phlebitis or abscess of the saccus endolymphaticus. Infection tends to spread slowly between the upper surface of the cerebellum and the under surface of the tentorium, and eventually reaches both the cisterna pontis and cisterna magna. The cerebellar lobe in front of and b)ehind the lateral sinus should be freely exposed, and the exposure followed by incision of the dura and the insertion of strips of gauze. This may be combined with irrigation of the subarachnoid spaces following lumbar puncture.
My experience leads me to believe that lives might be saved were we to classify cases of meningitis more strictly in accordance with pathological findings. (1) Meningitis is a frequent complication of septic otitis media.
(2) Clinically three types should be differentiated:-(a) The serous, with a sterile although often turbid cerebro-spinal fluidneningitis benigna.
(b) The semi-maliglnant: a cerebro-spinal fluid with a rich cellular content but no organisms-meningitis semi-maligna.
(c) The mialignant, with a cerebro-spinal fluid rich in cellular content and with organisms present-mellingitis maligna.
(3) An accurate diagnosis of the type of meningitis pr-esent cannot be made from a review of the clinical symptoms only.
(4) A cytological and bacteriological examination of the cerebro-spinal fluid is essential and is the determining factor in prognosis and treatment.
(5) The essential element underlying successful treatment is early surgical interference, the removal of the original focus of infection and of any secondary intracranial lesion, combined with free drainage of the subarachnoid space and cisternae. 
Dr. C. WORSTER-DROUGHT.
In considering the cantses of meningitis, I would specially draw attention to acute and sub-acute syphilitic meningitis. This meningo-vascular form of neurosyphilis, though somewhat rare, may develop within two or three months of the primary chancre, and, in its clinical aspects, closely resemble other forms of acute meningitis. During the war, when in charge of a large cerebro-spinal fever centre, I admitted three cases as suspected examples of cerebro-spinal fever (meningococcal meningitis), which subsequently proved to be suffering from syphilitic meningitis. It is only by an,examination of the cerebro-spinal fluid that the diagnosis is established. The fluid is usually clear, but contains excess of lymphocytes, the presence of a strongly positive Wassermann reaction distinguishing it from the cerebro-spinal fluid of tuberculous meningitis. The blood also yields a positive Wassermann reaction. With treatment the 'prognosis is very good. In all three cases I have mentioned above recovery was complete, following a course of intravenous novarsenobillon, an(d mercurialized serum administered intrathecally.
With regard to meningitis following mumps, I would point out that some observers (Massary, Bonabal) state that a lymphocytosis is present in the cerebrospinal fluid of every case of mumps, whether physical signs of meningeal involvement be present or not. This assertion led me to investigate the cerebro-spinal fluid of some thirty examples of apparently uncomplicated mumps. The lumbar puncture was performed as soon as the case came under observation-varying from the first to the tenth day of illness-and I must confess that in no case, apart from definite meningitic signs, was a pleocytosis in the cerebro-spinal fluid ever found.
Concerning those forms of meningitis which are of oto-rhinological interest, the cases I have encountered may be classified as follows
(1) Meningitis following intranasal operations. I have met with several examples following simple submucous resection of the nasal septum or the removal of nasal polypi. In such cases meningitic symptoms have usually appeared in sixteen to twenty-one days after the operation, and the organism obtained from the cerebrospinal fluid has been the streptococcus, or, more rarely, Pfeiffer's bacillus. When autopsy has been possible, empyema of the sphenoidal sinus has invariably been found.
(2) Meningitis, secondary to intranasal or accessory sinus disease apart from operation. Cases met with include one following suppurating nasal polypi and several secondary to empyema of the sphenoidal sinus. In the latter, the pneumococcus has usually been the responsible organism.
(3) Meningitis following wounds of the jaws. My experiences during the war led me to describe these cases under two headings.2 (a) Wounds involving the utpper jaw-meningitis by direct extension of infectio11.
In wounds affecting the superior maxilla, meningitis usually occurred by the direct spread of infection from the wound to the subarachnoid space by way of the nasal fossal and sphenoidal sinus.
(b) WoVunds involving the lower jaw-meningitis indirectly as a secondary phenomenon to infection of the lungs. In cases of meningitis associated with wounds of the inferior maxilla, a bronchopneumonia or lung abscess had developed as the result of septic inhalation, and meningitis-with or without brain abscess-occurred secondarily by infection through the blood stream.
The organisms isolated were streptococci or pneumococci.
(4) Meningitis secondary to suppurative otitis media.
Meningitis usually results by infection passing through an erosion in the bone of the tegmen tympani, tegmen antri, the lateral sinus groove, or the posterior surface of the petrous bone. I have met with a few cases of chronic otitis media without mastoiditis, however, in which the infection, as shown by post-mortem examination, has spread along the internal auditory meatus by way of the internal ear. In addition to meningitis, an extradural abscess-between the dura and the inner aspect of the petrous bone-has been found, and facial paralysis, caused by pus in the Fallopian aqueduct, has usually been present.
DIAGNOSIS.
For the early recognition of meningitis, I would emphasize only those signs that I have found most useful in actual practice. Among the symptoms are pyrexia, headache (generalized and of increasing intensity) and vomiting, all of which are practically constant.
The most valuable physical signs are: (1) Rigidity of the posterior cervical muscles; (2) Kernig's sign; (3) the pulse-temperature ratio-comparatively slow pulserate with high temperature; (4) the presence of delirium or stupor with irritability; (5) an easy matter and may be resorted to at once if lumbar puncture fails to yield fluid. The needle is introduced at the lateral angle of the fontanelle, the direction being downwards, slightly backwards and inwards to a depth of about 3 cm.
In older children and adults the usual method of draining the lateral ventricles. is to trephine, a procedure which causes a considerable amount of "shock," especially as it is necessary to operate on each side.
More recently, instead of trephining, I have merely drilled a hole through theskull over Keen's point and punctured the ventricle through the small opening thus. made. In most cases it is possible to perform this operation without aneesthesia, the " shock" is negligible compared with that resulting from a trephine, and drainage appears equally effective. In two cases of apparent internal hydrocephalus. complicating meningococcal meningitis treated by this method there was recovery.
In otitic meningitis, one cannot fail to be impressed with the success of the trans-labyrinthine method of drainage.
(II) As regards the application of a specific immune serum, the full power of theserum can only be exerted when it is brought into contact with the infecting organisms in a concentrated form. Not only does serum injected subcutaneously orintravenously undergo an extremely high dilution in the blood-stream, but there is no evidence that it ever reaches the subarachnoid space.
Consequently, to exert its maximum effect, serum must be introduced directly into the subarachnoid space; and in order to make good the loss in concentration sustained by absorption into the blood-stream, at intervals of not longer than twenty-four hours. In cases showing evidence of systemic infection, intrathecal should be supplemented by intravenous administration. The serum should be polyvalent for the specific organism obtained from the cerebro-spinal fluid; later, a univalent serum can be substituted if the actual type of organism is deternbined.
Dr. J. G. GREENFIELD.
The laboratory diagnosis of meningitis is often extremely difficult, and here, at all events there seems to be a need for " that curious hybrid-clinical pathology," for the pathologist must be enough of a clinician to understand the purport of the history that is given him, and enough of a morbid anatomist to be able, when opportunity offers, to test his conclusions on the post-mortem table. Here, too, the mereperformer of reactions soon gets out of his depth, for with the cerebro-spinal fluid, much more than with other body fluids, there is a singular disproportion between the multitude of reactions that can be performed and the limited quantity of fluid on which to perform them. We have, therefore, first of all, to make up our minds what we want to know and then to settle how best to arrive at that knowledge with the means at our disposal. And though reactions will help us in this, we have to be their master and not their slave, and to interpret the results of each reaction in the light of other facts.
My experience of these cases, as they arise from infection of the nasal air sinuses, is not very great, and is limited almost entirely to cases of ethmoidal and sphenoidal sinus suppuration, as these cases tend to fall into the hands of the neurologist almost as frequently as into those of the laryngologist. In fact, the first civil case of this kind that I saw had been treated by psycho-analysis for headache and depression for two months before his death. I understand that several complexes had been unearthed, but this had failed to relieve his headaches, and lumbar puncture was performed. I found no increase of protein in the cerebro-spinal fluid, but 100 cells, about half of which were polymorphonuclears; this was certain evidence of some suppurative mischief in the cranium or brain. He died of generalized meningitis within a few days, and at the post mortem the origin of the trouble was found to lie in the frontal and ethmoidal air sinuses.
The problem may present itself to the clinical pathologist in two extreme forms. There may be either-(1) A clear fluid from a patient who shows signs of meningitis, or (2) A turbid fluid from a patient with little or no evidence of meningitis.
(1) Let us look at the first problem, the decision as to whether meningitis is, or is not, present when the fluid is clear: or rather whether meningitis is impending, because in certain cases, especially those of septic sinusitis or cerebral abscess, there may be no evidence of actual meningitis, and yet the presence of a few polymorphonuclear cells in the cerebro-spinal fluid warns us that danger is at hand. Under these conditions we have to be very sure that the fluid is perfectly normal in every way before we can say that meningitis is not imminent. In two cases of cerebral abscess, recently reported by Hadfield, only twelve cells were present in the fluid at the first puncture in each case, but of these 70 per cent. in one case, and 75 per cent. in the other were polymorphonuclears. In my experience a much lower percentage than this, even 30 per cent., is a danger signal.
As to the other constituents, in very early meningitis the protein is often normal but in spite of this hbmolysin and complement may be present. The combination of these constituents with a normal protein level is in fact almost characteristic of early meningitis. In my experience the hamolysin test is treacherous: it may often be negative in cases where it ought by all the rules to be positive, for the simple reason that the patient's blood contains no habmolysin. It is therefore much better to test for the presence of complement only, by simply mixing the cerebro-spinal fluid with sensitized red cells and incubating at blood temperature.
As a routine I use the same mixture as in the Wassermann test., i.e., 3 I have just said that we must be sure that the fluid is normal in ever-y way,-and sometimes an examination of the urine shows that symptoms which were attributed to meningitis were really due to urtemia.
(2) Cases with Little Evidence of Meningitis showing a Tutrbid Cerebro-spinal
Fluid.-In my experience these cases present the greatest difficulty. We are given a turbid fluid looking typical enough of meningitis, and yet there is the clinical doubt as to this diagnosis, and as we examine the fluid some pathological doubt arises also. Fluids of this kind are particularly frequent in cases of empyema of the cranial -air sinuses and of abscess of the brain resulting from them. Obviously there is pus somewhere about, and some of it has found its way into the subarachnoid space,. There is danger of meningitis becoming generalized, indeed it may be generalized already, or it may be limited to the region of the abscess. That, in fact, is the question which we hope an examination of the cerebro-spinal fiuid will solve. If the meningitis is generalized the chances of recovery are greatly reduced. If it is localized the prognosis depends altogether on whether or not the surgeon can deal satisfactorily with the local condition, and the presence of pus in the cerebro-spinal fluid does not matter relatively.
The prognosis, it is true, rests to a large extent on the presence of bacteria in the cerebro-spinal fluid and on the virulence of the invading organism when this can be established. So far as I know, the pneumococcus always kills when it reaches the subarachnoid space and the same may be said for the more virulent forms of streptococcus, although it is not always easy to say which types of streptococcus are highly virulent and which are less so. Therefore if we can grow either of these organisms on culture media the prognosis must be bad. But there is a large group of cases which give, on lumbar puncture, a purulent fluid that either shows no organisms on culture, or grows a few colonies of some less virulent bacterial type. Fluids of this kind always contain excess of protein and usually no sugar, and in my experience neither of these constituents is of any value at all for prognosis. The only test which gives us any indication in such cases as to whether or not the meningibis is generalized is the chloride percentage, and this is, I think, of real value. My reliance on this test is based primarily on Mestrezat's work, and secondarily on a series of seventeen cases of head wounds which I was able to follow after the end of the war at Tooting Military Hospital. In these patients lumbar puncture was performed for a variety of reasons, chiefly because of headache. Some had papillcedema or bulging craniotomy openings. Of nine that recovered the cerebro-spinal fluid was perfectly normal in six. Of the other eight that died, seven died from meningitis, and in all of these seven cases the chlorides fell to below 680 mgm. before death. In one case, in which the patient recovered, there were pus and Gram negative diplococci in the spinal fluid, but the chlorides remained at the *iormal level of 725 to 750 mgm. This series impresded me so much that since then I have kept a watch on the chlorides in every case of suspected meningitis, and I have never known a patient die from meningitis with -the chlorides at their normal level. (It applies chiefly to the lumbar fluid and may not be so absolutely true for the cisternal fluid.) This means that the chlorides always fall when meningitis becomes generalized, and therefore so long as they remain high there is ground for belief that the area of inflammation in the meninges is localized and for hioping that it may remain so.
From what we know of the cerebro-spinal fluid this fall in the chlori(les is due to a breaking down of the barrier wbich separates blood and cerebro spinal fluid: as Mestrezat termed it, there is an increase of meningeal permeability. In health the chlorides in the cerebro-spinal fluid are always higher than in the blood, but when the barrier between the two fluids is reduced, their chloride percentages tend-to approximate to one another. This meningeal permeability is increased enormously in craniotomy operations when the dura mater is opened, and serum from the tissues mixes freely with cerebro-spinal fluid. Consequently we find that after craniotomy, especially after decompression of the posterior cranial fossa, the chlorides are often reduced and under these conditions they give us no help in determining the presence or absence of meningitis.
In my experience a turbid sterile fluid is of less dangerous import than a clear fluid showing a few polymorphonuclear cells. The first usually means that the acme of meningeal inflammation has been reached or passed, whereas the second may mean anything and is often the first sign of an acute generalized meningitis.
I would say in conclusion that if I have laid special emphasis on the value of certain reactions, I do not wish that they should displace those in more general use. Protein and sugar estimation are still of value although they often--do not tell us much that we cannot see by simply looking at the fluid. My intention has rather been to induce pathologists to comiplete the examination of the fluid in cases of suspected meningitis by using such tests as will give them the greatest amount of information in each particular case. It is of as little use to estimate the chlorides in a clear fluid as it is to test a turbid fluid for complement. Each case and each specimen of fluid should be taken on its own merits. Sometimes it is possible to say within five minutes that a patient has generalized meningitis, and sometimes an hour's examination is not sufficient to decide the matter, but at any rate an intelligent examination of the cerebro-spinal fluid ought to enable us to get a little nearer to an exact diagnosis.
Mr. W. M. MOLLISON.
Meningitis of nasal origin occurs as a primary and sole complication of injury to the roof of the nose as 'in fracture of the anterior fossa of the skull involving the cribriform plate; or as a result of damage to the cribriform plate by direct violence during intranasal operations; more often it is the sequel or end-result of some other intracranial complication of nasal disease, such as pachymeningitis, cerebral abscess, cavernousa sinus thrombosis, ,or osteomyelitis of the frontal bone. Before passing to the details of the origin of meningitis, the paths of infection must be mentioned.
Gross lesions of the cribriform plate, from whatever cause, open a direct path from the nasal cavity to the meningeal space, and the course of infection is obvious, especially if there is pus in the nose due to accessory sinus disease. In the absence of such direct route the infection can take one of the following paths:
(1) Direct spread, throutgh the bone by an osteomyelitis or osteophlebitis of the cerebral wall, till infection reaches the dura mater. When the infection reaches the dura pachymeningitis may result, or it may spread at once through the meninges.
(2) Venous spread. Microscopically, thrombosis can be shown to be responsible for the spread of disease through bone, but infection by way of the venous anastomoses at the root of the nose is a real danger and no doubt accounts for the thrombcsis of the cavernous sinus. Diploetic veins may also convey infection.
(3) Lymphatic spread is doubtless fairly frequent. Lymphatic capillaries pass directly from the nasal mucous membrane to the meninges.
(4) A rare path is that through congenital defects in the posterior wall of the .frontal sinus, but such paths have been recorded.
I omit the meningitis which is a sequel to fractures of the anterior fossa, and pass to that associated with suppuration in the accessory sinuses. There are twoa groups: (a) Non-operative; (b) operative.
(a) Non-operative meningitis generally occurs in the course of chronic disease. In the majority of cases there is some other complication present, extradural abscess, cerebral abscess, or thrombosis of the eavernous-or superior longitudinal sinus. The frontal and sphenoidal sinuses are those most often the seat of the original disease.
(b) Operative.-This group must be divided into two sub-groups: (1) Those cases following external operations on the frontal or ethmoidal sinus; (2) those -cases following intranasal operations.
(1) The earlier experience of external operation for frontal sinus suppuration was unfortunate, but with the improvement of technique the percentage of sequent meningitis has greatly diminished.
(2) It is the sub-group in which meningitis follows intranasal operation which chiefly concerns rhinologists.
The number of intranasal operations performed must be very large, but the cases of meningitis are few. Bruhl noted but one case out of 35,000 operations. On the other hand Jansen saw three fatal cases among 800 intranasal operations, and it must be remembered that many such are unpublished. Most cases have followed operations for the relief of sinus suppuration, but a few have occurred after simple subrnucous resection, removal of the inferior turbinate or cauterization of the middle turbinate. In some instances an operation on the nose has lighted up a pre-existing but unsuspected pachymeningitis, and occasionally the onset of the meningitis has been delayed for months. Loeb has reported 125 cases of meningitis following intranasal operation, and there appears to be no type of operation which may not give rise to the meningitis.
The prognosis of post-operative meningitis is bad, but some recoveries have been reported: Gerber, Piffl, Coffin, Parry, and Blum have recorded recovery and I have had two recoveries out of three cases.
The diagnosis of rhinogenic meningitis does not present material differences from that of otogenic meningitis. The signs are the same and there is no difference to be noted in the condition of the cerebro-spinal fluid. It may be remarked that rhinogenie meningitis as a rule runs an extremely rapid course.
Treatment is of small avail when once the disease is established, especially when intranasal operation has been the immediate cause. The best is to obviate the necessity for treatment, by attention to asepsis and avoidance of any damage to the cribriform plate. Katz gives the following useful rules (1) Never operate when the patient has an acute cold. Mr. W. STUART-LOw said-that most of the disastrous results such as septic meningitis were post-operative, and in his opinion were largely preventable by taking greater pains in the proper preparation of the patient for the mastoid operation and by improved technique at the time of operation.
Cases of septic meningitis, still too frequently met with after mastoid surgery, were to some extent a reflection on the surgeon, but there was this extenuating circumstance, that often very septic cases came into the surgeon's hands for immediate operation, and there was no opportunity of preparing the patient, as meningitis might have already begun.
Since he (the speaker) had begun to be scrupulously careful to prepare the patient for operation by rendering the throat, nose, and ear as aseptic as possible by the use of antiseptics, extracting carious teeth, removing tonsils and adenoids, ablating all suppurating foci in the nose, and by the systematic employment of suction in the ear to extract all discharge, he had had no cases of septic meningitis. It was unnecessary now to stress the importance of lumbar puncture in arriving at a diagnosis. Only on the previous night a case was brought into the Children's Hospital in which lumbar puncture was done and a turbid fluid withdrawn. The house-physician thought it was meningococcal, and asked the speaker whether he should inject serum. In a few minutes, by examination, it was found to be not meningococcal, but influenzal. There were a few extra-cellular bacilli, and they were grown that morning, and he had done a blood culture a few hours ago. Dr. Atkins studied it further, and then said it corresponded exactly to the Diplococcus crassuts; it was partially Gram-positive, and grew well at room temperature.
Another interesting case was that of a child who came to hospital suffering from ,recurrent attacks of meningitis; there was a diagnosis of recurrent pneumococcal meningitis. The cerebro-spinal fluid which was withdrawn was found to contain a 'large proportion of protein, 0'18 per cent. albumin, and sugar 0'68 per cent. The cells were chiefly mononuclears, and the culture looked like pneumococcus. It was not pathogenic to animals. He sent the culture to Dr. Crowe, of Harrogate, who reported that it was undoubtedly a rare streptococcus, not a pneumococcus. The clinical interest of the case was the fact that the patient had now left the hospital, cured for the time being. The patient had attacks every three months, and was also the subject of spina bifida occulta.
Referring to the question whether patients could recover from pneumococcal and streptococcal meningitis, he said he believed that from the first of these there was scarcely ever recovery. In regard to the streptococcal form, there had been very few cases of recovery at the Hospital for Sick Children. He recalled instances in which a nurse and a child were believed to have caught the disease from another child. Streptococcus mucosus was isolated. The nurse recovered, but the child died.
As to the diagnosis of meningitis in association with cerebral abscess and ear disease, some cases of that complication were seen at Great Ormond Street. He had not styled them septic meningitis if organisms failed to grow or had not been seen in fllms. But it was possible for the cerebro-spinal fluid to contain a good deal of protein and a considerable number of cells, and yet be sterile in regard to microorganisms.
Dr. W. E. CARNEGIE DICKSON said he was very glad to hear Dr. Nabarro make reference to another possible path of infection, namely, by the blood-stream and ventricles. He had hoped that, before he left the meeting, Dr. Charles Gray would have spoken. During the war Dr. Gray was his colleague at the Fulham Military Hospital, where meningitis cases were dealt with for the London district. Dr. Gray and he both believed that very probably the meningococcus attacked the ventricles by way of the choroid plexuses through the bloodstreamn, to which the meningococcus might obtain access from the ethmoid cells or the sphenoidal cells, or the roof of the naso-pharynx, rather than by direct spread through the bone and meninges. At that hospital he did 100 post-mortem examinations on meningitis cases, and he was struck by the fact that inflammatory reaction in the ventricles was, almost always, in excess of the lesion on the surface of the brain. Writing in the British Medical Journal, of April 7, 1917, p. 454, he put that fact strongly in a preliminary note on these post-mortem examinations. The meningitis on the surface of the brain was just where the infected fluid in the ventricular chain approached the surface, e.g., in the neighbourhood of the great transverse fissure, the pial roof of the fourth ventricle and the floor of the third ventricle and infundibulum; and these were the sites where the earlier meningeal exudate was seen, and where it would naturally come to the surface if it attacked the brain from within, rather than from without.! Dr. Greenfield had discussed the pathological side of the subject so thoroughly that there was little else to say about it. He (the speaker) had come across instances of rare infection, such as by paratyphoid bacilli, and " leptothrix " and influenza-like organisms: the two last-named groups he considered still needed a good deal of working out. He had been struck by the distribution in the " leptothrix " cases:
It was over the forehead, i.e., over the anterior and the under aspects of the frontal lobes, especially over the ethmoid region, differing therefore from the posterior basal distribution of the meningococcal infection. Had Dr. Nabarro noted the same at Great Ormond Street ?
Two of the most striking cases of meningitis on which he had made post-mortein examinations were in cretins. In one of the cases the cretin child was sitting up in bed playing with its toys, its intelligence at the time appearing to be about the usual, when it suddenly fell back, dead. At the autopsy there was found to be very extensive meningitis. The end of the other cretin was very similar. One case was tuberculous, the other pneumococcal. Thus meningitis might be masked by other conditions, of which cretinism was one.
With regard to immuno-therapy, he had hoped Dr. Gray would have said something on the use of blood-serum taken from the patient himself, or from other persons who had recovered from meningococcal meningitis. When the specific serum supplied by the Government seemed for a time to deteriorate in quality, during the war, Dr. Gray used serum from recovered patients-sometimes from the patient himself, and the results so obtained were fairly good.
See Beattie and Dickson's "Special Pathology," 2nd ed., 1921, pp. 955-6.
